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(57) A method of treatment for decomposing fluo- 
rine compounds, comprising the step of contacting a 
gas flow containing said fluorine corrpounds, which 
conrprisesfluorine as a halogen element arxi any of the 
el&nents cart)on, nitrogen, and sulphur as a compound 
with said fluorine, with a fluorine compound-decomposi- 



tion catalyst in the presence of steam at a temperature 
in the range of approximately 200 to 800*0 to hydrolyse 
the fluorine compound in said gas flow, wherein said 
gas flow containing said fluorine corrpounds is con- 
tacted with a catalyst comprising Ai to convert said flu- 
orine corrpounds to hydrogen fluoride. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method of trratment for decomposing halogen ccmpounds oontainir^ only fluo- 
rine as the halogen such as CF4. C2F6, SFg. NF3, and the Dke at a low temperature effectively; and a cata^ and an 
apparatus therefor. 

A large amount of halogen compound gas containing only fluorine as the halogen such as CF4, C2F5. SFg, NF3. 
are used as a semicondiKrtor etching agerrt. a semiconductor deaner, and the lika htowever, it was found tfiat these 
10 ccmpounds. onoacliscl^ed into the atmosphere, turn into warming sub^ances causing global warming. 

Gases such as CF4, C2F6. SFg, NFa. co nt ain a large a niK int of fluorine (F) as one of molecular composing ele- 
merrts. Ruorinehasthe highest electronegati^ among all the chemical elements, and forms chemically very stable 
conpourvls. 

Particularty, CF4, CgFe. and the Bke are substances having a strong intramolecular force, and a poor reactivity 

IS Based on the above property, when CF4 is deconposed by corrtsu^ioa heating up to a high temperature is required. 
arxJ a remartably large amount of energy is consumed. 

Furthennore, a corrosion velocfty of rnateriate in the apparatus for the decornposi^ 
by the generated gases such as hydrogen fluoride and the Ite is large, and no adequate rneth^ 
ment has been proposed yet at present 

20 One of the rnethods for decornposingtreatniem being proposed at present is techno^ 
temperatura However, in accordance with the proposed rnetfiod. a large arnoum of CO^ and 
starices, are generated by cornbustioa because conrtbustible gases such as propane gas and t^^ Due to 

ise of flannnable gases such as proparte and the Dke. a dariger of explosion is exi^^ Furthermore, due to combustion 
at approodmateiy 1000 ''C oven wafl material is damaged by corrosive gases generated by the decomposition of halo- 

25 gen corrpounds, and an operation cost is increased t>ecause frequent maintenance is recpred. AocordSngly. technol- 
ogy to decornpose the halogen cornpounds al a low temperature without generating hazardous sute 

Although various applications regarding the catalysts for decorrposing hatogen compounds have been filed, any 
report on decomposition of halogen conrpounds containing only fluorine as the halogen has not been discfosed. 
Although a method for hydrolyzing halogen corrpounds with a catalyst conrprising titania has been disdose^ inJP-A- 

30 3-66388 (1991), it is desabed that the m^hod does not indicate any deconposing performance for CF4. which con- 
tains or^y fluorine as the hatogea OkazaW et al intended to hydrdyze CFC-1 4(CF J using Fe2Q3/active carboa but the 
conpound was not decomposed as descried in Chem. Lett (1989) ppi 1901-1904. Regarding the decomposition of 
halogen compouncte containing only fluorine as the halogen. JP-A-7-1 16466 (1995) disclosed an example using a 
decorrposing agent comprising an inorganic oxkie treated with hydrogen fluoride. 

3S 

SUMMARY OF THE INVENTTKDN 

One of the objects of ttie present invention is to provide a inethod for treating fluoric 
fluorine as the halogen sudi as CF4. C2F6. SFg, NF3, and the Bke to deconrposeatalowtemp CTature effectively, cata- 
40 lysts having a high decorrposition rate and a lorig catalytic lifa and apparatus of ttietreatmert there- 
for. 

The inventors have achieved the present invention by proceeding an investigation in detail on a method for decom- 
t position treatrnent which is capable of decorrposing compounds containing 

I C2F6. SFg, NF3, and the like at a low terrperature with a high effidency, and of suppressing corrosion of the apparatus 
45 I caused by corrosive gases in the decomposed gaa 

The inventors found that a conpound containing only fluorine as halogen, the corrpound is composed of the fluo- 
rine with any element selected from the group consisting of carbon, sulfur, and nitrogen, c ould be hydrolyzed and th e 
fluorine conpound In a gas flow could be converted to hydrogen fluoride b y contacting the gas flow containing the f lu- 
orine conpound with a c atalyst conrpridng Al in the presence of steam at a terrperatur e in the range of apprcodmately 
so 200 - 800*'C. 

The ot3ject gas, i.e. a halogen compound containing only fluorine as the halogen such as CF4. C^s» ^ 
has a strong intramolecular force based on the natire of fluorine having a high electronegativity, and a poor reactivity 
The object gas is scarcely reacted and decorrposed witii oxygen, but it can be decorr^^ 
rate by a ddition of HgO. 

55 The fluorine compounds, which are objects of the present invention, contain only fluorine as the halogen. Constit- 
uent elements of the compounds are fluorine, carbon, oxygen, sulfur, nitrogen, and the lika Exannples of the com- 
pounds are CF4, CHF3, CHgFa. CH3F, CgFe. C2HF5. <^H2F4. CaHaFg. C2H4F2. C2H5F. CsFg. CH3OCF2CF3, C4F8. 
C5F8. SFg. NF3. and the Bke. 
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The method d treatment for decori^^ 

ingAI TheAlBusedinatomicrfancoddaAlcanbeusedinbothatoneandasac^ 

selected from the grap consisting of Zn,Ni. Ti, Fe, Sn. PI. Ca Zr, Ce. and SI A deconposing activrt^ 

can be enhanced by adtfing S to these catalysts. 
5 Necessary characterislics as catalytic perfonnance are having a hi^ 

After investigating in detaO of the catalyst having the above perfo^^ 

only AI2Q3 could have a high deconposition performance depencfing 
A higher deconposition rate can be obtained tv using a catalyst 

the group consisting of Zn, Ni. Tl. Fe. Sn. PI Ca Zr. Ce. and Si in addition to Al. than a case when only Al is ^ 
10 the catalyst In these catalyst, Al exists in a fonn of AI2Q3. or a ccmp^ 

Zn Ni Ti Fe,Sn, Co. Zr.Ce, and Si exists in a fonn of an oxide, or a complex oxide with In accordance with these 

catelyk ^ atomic ratio of Al : M C»<^ere. M is at least one of Zh. 

range of 50 - 99 rnol % for Al. and 50 - 1 mol % for 1^ When the catalyst is conposed d 

contains Pt by 0.1 - 2 %byweight A high decomposition rate can be obtained by sdecling the amo^ 

15 coirponent Other than Al in the range incficatedabova 

In order to obtain a long catalytic fife, suppressing crystaDiration of the Al^ 

a coriplex oxide of Al 6u:h as NBAl2p4. ZnAl204. and the lite added m^ 
desiraWa As one of the rnethods for improving the catalytic performance, a mel^ 

As a method for adcfing the S.vark)us methods such as using a sulfuric add sal^ when manufacturing 

20 thecafaly^canbe used. The Sinthecatalyst exists tnaformofS04 ions andthefite, 

acidic property of the catalyst The arnount of Sis desirably in the range of 0.1 -20%byweight 

In accordance vifith the rnelhod of treatmert for decomposition of the present inve^ oxygen can be added into 

the gas flow containing thefluorineconpound such as CF4, CaFe. and the Bte 

reaction of CO and the Ote in the decomposition gaa 
25 Representative reactions of the fluorine compound decomposing reaction are as follows: 

CF4 + 2H20->C02 + 4HF (EQ- 1) 

C2F6 + 3H20->CO + C02 + 6HF (Eq-2) 

CHF3 + HgO CO + 3HF (Eq- 3) 

SFe + 3H2O -> SO3 + 6HF (Eq. 4) 

NF3 + 3/2H2O ^ NO + ^/20^ + 3HF (Eq. 5) 

In accordance vwth the reactions expressed by the Bq. 1 and Eq. 2, Co i^ 
present invention has CO oxicfizing perforrnance, and if oxygen exists, CO ca^ 

The amourt of added steam is required to be contrdled so as to generate hydrogen atonre in an ar^^ 

equivalent to the nun4>er of F in the fluorine compound to be treated. Accordingly, fluorine in the compound can be con- 
verted to hydrogen fluoride, and a condition virhich facilitates post-treatment can be generated. 

The reaction tenperature for hydrolyzing the fluorine compound is desirably in the range of approximately 200 - 800 
»C The range of approodmalely 500 - 800 *»C fe desirable as the reaction temperature for treating the f borine compound, 
which is composed of at least carbon, fluorine, and hydrogen. If a temperature higher than the above range is used, a 
higher deconposition rate can be achieved, but rapid deterioration of the catalyst is caused. Furthermore, the corrosion 
velocity of the apparatus material is inweased rapicBy. On the contrary, if a temperature tower than the above range is 
used, the decomposition rate is low. . ^ ^ 

When contacting the gas flow containing the fluorine compound, which contains only fluonne as the halogen, and 
any element selected from the groip consisting of cariaon, sulfur, and nitrogea with the catalyst of the present inven- 
tion the content of the fluorine conpound in the gas flow is desirably in the range of 0. 1 - 1 0 % by volume, and prefer- 
ably 0. 1 - 3 % by volume. The space vetocity is desirably in the range of 1 00 per hou^ 
1 00 per hour - 3,000 per hour. Where, the space velocity is defined by the following eqiation. 

Space velocity (h ) = Flow rate of the reacting gas (miyh)yihe amount of catalyst (rri) 

In accordance with the method of treatment for decomposing fluorine compounds of the present invention, hydro- 
gen fluoride, cariDon dioxide, and the others are generated as decomposition products. Additionally, sulfur oxides such 
as SOz SO3, and the lite, and nitrogen oxides such as NO, NO2, and the fite, are generated in some cases. In order 
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to neutralize and efinrinate these prolucls, a meth^ 
line solutkxi is desiratsle. because bk)cking of th^ 

nnethcxte of txWmg the decomposed gas into an alkafine sohition. and of scrubbing the decomposed gas using a 
packed column can be used. Alkaline sofid bodies can also be used. As the alkafine material, any of aqueous solution 
5 or slurry of calcium hydroxide, socfium hydrorade. and conventk>nal alkaGne reagents can be used. 

As a raw material of Al for manufacturing the catalyst of the present invention, any of r^luinna a mixture of r^lu- 
mina and S-alurrana. and ttie like can be used. Particularly, a catalyst manufactured t>y using boehmite as the raw mate- 
rial for Al, and forming the oxide by cafcining has a high decomposition activity. 
As row rnaterials of various nf)eta!fc comporiefTts lor marnifacturu^ 
10 fate, ammonium salt, chloride^ and the Gke of ttie metals can be used. Nickel nitrate; rockel sulfate, and the Gke can be 
used as a raw material of Ni. Hydrates of these oon^xxincte can be used. Titanium sulfate, titania sol, and the like can 
t>e used as raw materials of T1. 

Any of the conventional metttocte for mareifacturing catalyst such as precipitation nr^thod, impregnation method, 
kneadng method, and the I to; can be used for manufactmng the catalyst of the present invention. 
IS The catalyst of the present inventkm can be used k>yfbnning a shape dgran^ 

e(xtrusk)n method, pelletizing method, roller granulating method, and the like can be used artHtrarily depending on the 
object The catalyst of the present invention can also be used by being coated onto a honeycomb, a plate; or the Ito, 
which are made of ceramks or melal. 

Any of conventional fixed bed. iTioving bed. or fluidized bed can be use^ 
20 the presem invention. Howeirer. because conosive gases such as HF and the Gke are generated as the 
gas, the rector must be oonposed of nriaterials, whx:h are corrosion reststence agai^ 

The treating apparatus for performing the mettiod of the present invention comprises: in adcfition to the above reac- 
tor, means for controlGng the concentration of the fluorine compound in the gasftaw, for instance, means for supplying 
nitrogen, air. or oxygen to the ^ flow, nteans for heating at least one of ttie gas fk]w an^ 
25 them each other at a ternperature in the range of 200 - 800 ''C. nrieans for adcfing stem 
cornpourd to the gas fkiw. arid an exfiaust gas scrut3ber for neutralizing a part of ca 

such as SO^ SQ3. and the Oke. and a part of nitrogen coddes such as NO. NC^, and hydrogen fluoride in the decom- 
position products by scrubbing the deoompositbn products, wfuch have k>een gert^^ 

the catalyst fflled in the reactor, with an alkaline solution. FunhernxKe. means for adsortnng cartxm nrK)naxkle, sulfur 

30 QxkJe,rvtrogenQxkie. which r^e not been absorbed 1^ alkafine scrubbing, by an ad^^ 
provided at a rear step of the exhaust gas scrubber. 

The nnetfiod of treatment for decomposing the gas containing fluorine compounds of the present invention can be 
applied to previously installed semiconductor plants. The semiconductor plant has generally an exhaust gas treating 
apparatus for acidic conponent gas. The fluorine compound can t>e decomposed by utiGzing the exhaust gas treating 

35 apparatus by tfie steps of: provkfing only the catalyst of the present invention into the eodiaust gas fine for ttie fluorine 
compound such as CF4, adcfing steam, and heating the gas fksw. 

In accordance with the preserrt invention, the whole apparatus, a a part of the apparatus of the 
is k>aded onto a truck and the like, the truck rrwves to the place where the cylinder containing the fluorine compou^ 
stored, the fluorine corrpound is taken out from the cylinder, and the fluorine compound taken out from the cyfinder can 

40 be treated directly by the apparatus Of the preseminventioa A Circulating pump for drcul^^ 
the exhaust gas scrubber, and the exhaust gas adsorptkm column for acteorbin^ 
exhaust gas can be loaded simultaneously. Furthermore, a generator can be loaded. 

The nriethod of treatment for decoriposing the fluorine conrpound o^ 
ogen corrpoiffKJ at a lower teriperature, and aocorcfingly, the operation cost can be ^ 

45 When the gas containing fluorine compound is treated, corrosion of the apparatus materials by ackfic conponents 
such as HF, whnh are generated by the decomposition is a problem to be solved. Hawever, in accordance with the 
present invention, the corrosfon velocity is stow c^e to the kiw operating terrperature. Therefore t^ 
essary maintenance of the ^paratus can be reduced. 

The method of treatment for decomposing the fluorine corrpound of the present invention comprises a catalytic 

50 reaction step for decorrposing the fluorine conpourvJ, and an exhaust gas scrubbing step for neutralizing arxj eliminat- 
ing the addk; oorrponent in the gas generated by the decomposition. Therefore, size of the apparatus can be reduced. 

Because the decomposition reaction of the fluorine compound is with steam, the method of treatment for decom- 
posing the fluorine compounds is highly safe, and danger for exptoston, whk;h will be encountered when combustible 
gas is used, can be efinrvnated. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow sheet indicating the treating process of embodiment 1 of the present invention. 
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FIG. 2 is a graph indicating perlonnance of respective of the catafy^ of the present tnventioa 

FIG. 3 is a graph incficating performance of respective of the catalysts of the present inventioa 

FIG. 4 is a graph intficating performance of respective of the catalysts of the present invention, 

FK3. 5 is a graph incficating performance of respective of the catalysts of the present invention, and 

FIG. 6 is a graph incficating performance of respective of the catalysts of the present inventicKi. 

FIG. 7 is a graph indicating results of decomposition reactions of SFg, and CsFg. 

FIG. 8 is a graph indicating results of decomposition reactions of CF4. C4F8. and CHF3. and 

FIG. 9 is a schematic fllustration incficating an example of the apparatus for treating fluorine conpound of the 

present inverrtion. 

DESCRIPTION OF THE PREFERRED EMBODIMEhTTS 

Hereinafter, the present invention is explained in details with preferred embodiments. The present invention is not 
restricted to only the embocfiments. 

FIG. 1 indicates an example of a flow sheet of the treating process for deoonrposing halogen compounds used in 

a semiconductor etching process. 

In accordance with ttie etching process, a hatogai compound 1 such as CF4, and the like, is charged into a 
recfciced pressure Aching chamber, excited with pbsma for 20 minutes, and reacted with senvconductors. Subse- 
quentiy, ttie atmosphere in the chanrt)er is replaced with N2 2 to cfilute the conce^^ 
few %, and released as an exhaust gas by a velocity of approximately 10 ^erMiin. 

Air was added tjy the gas adder 3 to the exhaust g^ to cfilute the fluorine conpound such a^ Bka At 

this time, nitrogen can be added to dilute the fluorine conpound. Furttiermore, bdh nitrogen and oxygen can be added 
to dilute the flwwrine compound. A reacting gas 5, wt»ch © obtained liy adcfing steam by the steam adder 4 to the cfiluted 
exhaust gas, is transfmed to the deconposrtion slepc The decomposition step is perlbnn^ 

alyct The concentration off tiie fluorine conpound in the reacting gas is apprcwrvfeteiy 0.5 - 1 ^ .r.^p 

In ttie deconpdsition step, the reacting gas is contacted with e c^^ 
of approximately 200 - 800 -^0 uf »c3cr a conditfon of space veiocity 1,000 per hour ( where, space velocity (h'^) = flow 
' rate of reacting gs& (ml/h) /the amount of caiaiyst (ifrf) ). In this case, ttie reacting gas may be heated, or ttie catalyst 
may be heated by an electric oven and the lika the decomposed gas 6 is transfOTed to the exhaust gas scrubbing step. 
In the exhaust gas scnjbbing step^ an alkaline solution is sprayed in the deconposed gas 6, and an exhaust gas 7, 
which is obtained by eliminating adcfic corrpon&its in the decomposed gas, is released to outside the treating system. 
The deconposition rate of ttie halogen conpound such as CF4, and ttie like is obtained by analyzing the reacting gas 
5 and ttie exhaust gas 7 v«th FIDjCBameJonization-Qeleclor) gas chromatography, and TOD (Thermal Gonc&ictivity 
Detector) gas chromatography.lmd catoulating mass balances at inlet and outiet off ttie treating system. 

FIG. 9 is a schematic illustration indicating an example of the treating-apparatus of ttie present invention. The reac- 
tor Sis fflledwitti catalyst 9 conprising AI, and the whole body of ttie reactor can be heated by ttie heater 10. At a rear 
stage of ttie reactor 8, the exhaust gas scrutiber 11 hawing means for spraying 12 an aqueous alkali solution is prowded. 

(Ennbodiment 1) 

The presert embocfirnert is an exanple o« studying ttie activities cl varfous fflu^ 
tysts. 

Air was added to C2H6 gas of at least 99 % pure to dilute ttie gas. Steam was furttier added to the (filut^ 
steam was obtained by sipplying pure water to upper portion of a reactor witti a rnicrotube pump by approodmatelyO.^ 
mlAnin. and gasifying ttie pure water. The concentration of C2H6 in reacting gas was approximately 0.5 %. The reacting 
gas was contacted witti a catalyst, which had been heated at a designated tenperature from outside ttie reactor by an 
electrk; oven, under a space velocity of 2,000 per hour. 

The reactor was a reacting tube m^eof Inconel, of which inner (fiametervi«s 32 mm, having a catalyst layer at ttie 
middle portion of the reactor. A ttiermocoiple protecting sheatti made of Inconel. of which outer diameter was 3 mm, 
was provkted in ttie catalyst layer. The deconposition generated gas passed ttirough ttie catalyst layer was bubbled into 
a cateium fluoride aqueous solution, and sufcisequentiy, released outskie ttie system. The decomposition rate of C2H6 
was calculated from ttie analytical result of FID gas chromatography and TCD gaschromatography by ttie following 
equation (math. 1). 

Decomposition rate = 1-{amounl of halogen corrpound at outiet/anxHint of supplied hatogen (math. 1) 

compound) x 100 (%) 

Hereinafter, mettiocte for preparing respective off catalyst exarrened in ttie present errtxxfiment under ttie above 
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condition are explained. 
Catalystl; 

Commercial boehnite powder was dried at 120 *C for 2 hours. The dri powder 200 g was calcined at 300 *»C for 
0.5 hour, and siteequently. fte calcining tenp«a!ure was 

derwasfiDed into a cfie. and labrkated by pressurizing with a pressure 500 I^J^ The fabricated bodies were putver- 
ized and siered to obtain granules having a (fiameter in the range of 0.5 - 1 mm. The granules were used in the 
examination. The cataly^ after f ini sh ing the atxive treatment w^ mainly composed of AI2Q3. 

Catalyst 2; 

Cornmerdal boehmite powder was dried at 1 20 "C for 1 hour. An aqueoiffi solution d 
hexahydrale was added to 200 g of the dried powder, and kneaded. After kneading, the mature was dried at a temper- 
ature in the range of 250 - SOO'C for approximately 2 hours, and subsequently, cateined at 700 *»C for 2 hours. The 
obtained calcined bodies were piiverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. 
The granules were used in the examination. The catalyst composition after finfehing the above treatment was Al : Zn = 
91 : 9 (morx») by an atonic ratkx The presert catalyst contains a oorrplexcDdd 
Zn oxides. 

Catalysts: 

Commercial boehmite powder was dried at 1 20 **C for 1 hour. An aqueous solution dissolving 50.99 g of nickel sul- 
fate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a tem- 
perature in the range <rf 250 - 300"C for approxinately 2 hours, and subsequently, cak^ 

obtained cakwied bodies were piiverized and sieved to obtain granules having a d^ mm. 
The ^anules were used in the examinatioa The cataly^ composition after finishing the above treatment was Al : Ni => 
91 : 9 {mol%) by an atornicratia The presert catalyst contains AloxkJes,Niaxa 
oxides. 

Catalyst 4; 

Commercial boehnrite powder was dried at 120 for 1 hour. An aqueous solution cfissoMng 1 25.04 g of nickel 
nitrate hexahydrate vi«s added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300»C for approximately 2 hours, and subsequently, calcined at 700 **C for 2 hours. 
The oblained cateined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examinatfon. The catalyst conrvositkxi after finishing the above treatment was Al : 
Ni = 91 : 9 (mol%) by an atomw ratk). The present catalyst contains Al ooddes, Ni ooddes, and a corrplex oxWe of 
NiAl204. 

Catalyst 5: 

Commercial boehirite powder was dried at 120 'C for 1 hour. The dried powder 300 g and a 30% titanium sulfate 
aqueous solution 354.4 g were niixed and kneaded with adcfing apprro 

mixture was dried at a tennperature in the range off 250 - 30a*C for approximately 5 hours, and subsequently, cateined 
at 700 **C for 2 hours. The obtained cateined bodies were pulverized and sieved to obtain granules having a dianrieter 
in the range of 0.5 - 1 mnt The g^nules were used in the examination. The catalyst compositfon after finishing the 
above treatment was Al : Ti = 91 : 9 (rndr%>) by an atomic ratia 

Catalyst 6; 

Commercial boehmite powder was dried at 120 "C for 1 hour. An aqueous solution dissolving 115.95 g of iron 
nitrato hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
temperature in the range of 250 - 300**C for approodmalely 2 hours, and subsequently, calcined at 700 *C for 2 hours. 
The oblained cateined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst compositfon after finishing the above treatment was Al : 
Fe = 91 :9(mo»%)byanatomteratfo. 
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Catalyst?; 

Commercial boehmite powder was dried at 1 20 for 1 hour. An aqueous solution cfissolving 95^43 g of stannic 
chloride hydrate was added to 200 g of the (tied pcwder, and kneaM 
5 perature In the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 ''C for 2 hours. The 
obtained calcmed bodies were pulverized and sieved to obtain granules teving a cfiameter In the range of 0.5 - 1 mm. 
The granules were used in the examirttttion. The catalyst compo si tion after finishing the atwe treatment w^ Al :Sn = 
91 : 9 (mol%) by an atomic ratia 

10 Catalysts; 

Conrvnerdal boehmite powder was dried at 1 20 **C for 1 hour. An aqueous solution obtained by diluting 22.2 g of 
(finitro(fiaminePt(ll) nitric add solution (R concentration was 4.5% by weight) with 200 rnl of pure water was added to 
200 g of the dried powder, and kneaded. After kneacfing, the mixture was dried at a temp^ature m the range of 250 - 
75 300^C1br approximately 2 hourSk and subsequently, calcined at 700 ^'Cfor 2 hours. The obtained calcined bodies were 
pulverized and sieved to obtain granules tmving a diameter in tfte range of 0.5 - 1 mm. The granules were used in the 
examinatfon. The catalyst after finisfting the above tr^trnem contained Pt by 0.68% by weight to 100% by weight of 
AI2Q3. 

20 Catalyst 9; 

Commercial boehmite powder was dried at 120 ''C for 1 hour. An £Kiueous sdutfon cfissolving 12&87 g of cobalt 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After loieading, the mixture was dried at a 
tenperature on the range of 250 - 300°C for approximately 2 hours, and subsequently, calcined at 700 ''C for 2 hours. 
2S The obtained cateined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm The granules were used in the examinatkxi. The catalyst oonipositfon after finishing the alxve treatment was Al : 
Co =91 : 9 (mol%) by an atomic ratfo. 

Catalyst 10; 

30 

Commercial boehmite powder was dried at 120 ""C tor 1 hour. An aqueous solutfon dissolving 76.70 g of zirconyl 
nitrate (fihydrate was added to 200 g of the dried powder, and kneaded. After kneacfing. the mixture w^ dried at a tem- 
perature in the range of 250 - SOO^C for approximately 2 hours, and subsequently, cateined at 700 <>C for 2 hours. The 
obtained catoined bodies were pulverized and sieved to obtain granules having a cfiameter in the range of 0.5 - 1 mm. 
35 The granules were used in the examination. The catalyst compositfon after finishing the above treatment was Al : Zr a 
91 : 9 (mol%) by an atomic ratia 

Catalystll; 

40 Commercial boehmite powder w^ dried at 120 *>C for 1 hour. An aqueous solutfon dissolving 124.62 g of cerium 
nitrate hexahydrate was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
tenperature in the range of 250 -SOO'C for approximately 2 hours, and subsequently, calcined at 700 ''C for 2 hours. 
The obtained cakaned bocfies were pulverized and sieved to obtain granules having a cfiameter in the range of 0.5 - 1 
mm. The granules were used in the examinatfon. The catalyst compositfon after finishing the above treatment was Al : 

45 Ce = 91 : 9 (mol%) by an atomfo ratfo. 

Catalyst 12; 

Commercial boehmite powder was dried at 1 20 ''C for 1 hour. An aqueous solutfon dissolving 1 29. 1 9 g of 20% silfoa 
50 sol was added to 300 g of the dried powder, and kneaded. After kneading, the mixture was dried at a temperature in the 
range of 250 - 300°C for approximately 2 hours, and subsequently, cafoined at 700 '^C for 2 hours. The obtained cal- 
cined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 mm. The granules 
were used in the examinatfon. The catalyst composftfon after finishing the above treatment was Al : Si = 91 : 9 (mol%) 
by an atomfo ratio. 

55 Results of the examinatfon of the abot^e catalysts 1 -12 at a reacting ternperatue of 700 ^'Cv^ 

2. The decomposition rates by the catalyst comprising Al and Zn. and the catalyst comprising Al and Mi are signiffoantiy 
higher than others, and the decomposition rate of the catalyst comprising Al and Ti is next high. The reason that the 
catalyst 3 has a higher activity than the catalyst 4 is supposedly based on the effect d S. 
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(Embodment2) 

The present entxxfin^ is a result of examimtkm on activities of cataly^ by preparing catalysts, which were 
obtained by varying the conposrtion of Al and using the same raw material of At and as the catalyst 4 in the 
5 entxxfiment 1 , and deternirnng their decomposition activities for Cz^s- 

Catalyst4-1; 

Commercial boehmite powder was dried all 20 fori hour. An aqueous sotut)^ 8.52 g of nickel nitrate 

10 hexahydrate was added to 200 g of the dried powder, and kneaded. After kneacfing, the 

ature in the range of 250 - 300°C for approodmatety 2 hours, and subsequently, calcined at 700 °C for 2 hours. The 
obtained calcined bodies were pirfverized and sieved to obtain granules ha^ mm. 
The ^anules were used in the examinatioa The catalyst composition after finishing the above treatment was Al : fsfi » 
99:1 (mol%) by an atomic ratia 

75 

Catalyst4-2; 

Commercial boehmite powder was dried at 120 **C for 1 hour. An ac|ueous solution dissolving 66.59 g of nickel 
nitrate hexahydrate was added to 300 g of tfie dried pGwder, and kneaded. After kneading, the 
20 temperature in the range of 250 - SOO^C for approximateiy 2 hours, and subsequently, caldned at 700 **C for 2 hours. 
The obtained catetned bocfies were pulverized and sieved to obtain granules having a diameter in the rartge of 0.5 - 1 
mm. The granides were used in the exantinatfon. The catalyst composition after finisfung the above treatment was Al : 
Ni 8 95 : 5 (mol%) ty an atomic ratio 

25 Cataly5t4-3; 

Commercial kx>ehmite powder was dried at 120 *t) for 1 hour. An aque(HJS sotuticm dissolving 210.82 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneeing, the rnixture was dried at a 
temperature in the range of 250 - 300°C for approximate 2 hours, and sufc>sequently. calcined at 700 ''C for 2 hours. 
30 The obtained cakaned bocfies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examinatfon. The catalyst compositfon after finishing the atxve treatment was Al : 
Ni = 80 : 20 (mol%) by an atomk: ratia 

Catalyst4-4; 

35 

Commerdal boehmite powder was dried at 120 ^ for 1 hour. An aqueous solutfon cfissoMng 361.16 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, tte 
temperature in the range of 250 - 300^C for approximate 2 hours, and sut>sequently. cakaned at 700 *^ for 2 hours. 
The obtairted cafoined bocfies were pulverized and sieved to obtann granules having a cfiameter in the range of 0.5 - 1 
40 mm. The granules were used in the examinatfon. The catalyst oompositfon after finishing the atxve treatment was Al : 
hfi s 70 : 30 (mol%) tiy an atomic ratia 

Catatyst4-5; 

45 Commercial boehmite powder was dried at 120 ""C for 1 hour. An aqueous solution dissolving 562.1 g of nickel 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
tenriperaturelntherangeof250 - 300"Cforapproxirnatety2hours.andsubsequen^^ caldned at 700 *0 for 2 hours. 
The obtained cafoined bodies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
mm. The granules were used in the examination. The catalyst compositfon after finishing the at>ove treatment was Al : 

so Ni = 60: 40 (mo>%) by an atomic ratia 

The activities of the above catalysts from the catalyst 4. thecatalyst4-1 tothecatalyst 4 -5 were examined by the 
sarne rnethod as the errfoodiinem 1 except changing the concentration of C2F6 to 

pure water to approximately 0.4 mlAnn. The decompositfon rates at 6 hours elapsed after initiating the examination are 
indicated in FKl 3. The hi^est activity can be obtained when the mol % of Ni/(Ni4AI) is in the range of 20 - 30 mol %. 
55 and the activity is next high when the mol% is in the range Of 5 -40 mol %. 
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(Eirtxxfimerrt 3) 

The present ennbocfiment is a resutt of examination on activities of catalysts by pv^paring ca&lysts, wfuch were 
obtained by varying the composition of Al and Zn using the same raw materote of Al and Zn as the catatyst 2 in the 
5 embocfiment 1 , and d^ennining ttieir activities. 

Catalyst2-1; 

Commercial boehmite powder was dried at 120 **C for 1 hour. An aqueous sdution dissolving 215.68 g of zinc 
10 nitrate hexahydrate was added to 200 g of the dried powder, and Kneaded. After kne^iing, the mixture was dried at a 
tenrperature in the range of 250 - 300°C for approximately 2 hours, and subsequently, caldned at 700 ''C for 2 hours. 
The obtained caldned bocfies were pulverized and sieved to obtain granules having a diameter in tfie range of 0.5 - 1 
rrm The graruiles were i^ed in the examinatm. The catalyst oomposition after finishing the above treatment was Al : 
Zn ° 80 : 20 (mol%) by an atomic ratia 

IS 

Catalyst2-2; 

Ckmnerdal boehmite powder was dried at 120 ''C for 1 hour. An aqueous solution dissolving 369.48 g of zinc 
nitrate hexahydrate was added to 200 g of the dried powder, and kneaded. After kneading, the mixture was dried at a 
20 tenperature in the range of 250 - 300*0 for approximatety 2 hours, and subsequently, caldned at 700 "^C for 2 hours. 
The obtained cakaned bocfies were pulverized and sieved to obtain granules having a diameter in the range of 0.5 - 1 
inm. The grarujles were used in the examination. The catalyst oonrtpositkm the above treatment was Al : 

Zn s 70 : 30 (mol%) by an atonruc ratia 

25 Catalyst2-3; 

Corrvnerdalboehrnite powder was dried at 1 20 fori hour. An aqueous solutbncEssolving 96.39 g of zinc nitrate 
hexahydrate was added to 1 26.65 g of tfie dried powder, and kneaded. After kneacfing, tfie mixture was dried at a tem- 
perature in the range of 250 - 300**C for approximately 2 hours, and subsequently, catetned at 700 *^ for 2 houra The 

30 obtained caldned txxfies were pulverized arid sieved to obtain granules having a (fia mm. 
The granules were used in the exarrination. The catalyst composition after finishing the atocm treatment was Al : Zn o 
85: 15 (mol%) by an atomic ratia 

The activities of the above catalysis from the catalyst 2. the catalyst 2 - 1 to the catalyst 
same method as the entedimentl except changing the concentratkm of C2F6 to 2%. and the stpplyinganrio^ 

3s pure water to approximately 0.4 rrdAnia The decorTfX>sition rates 

indicated in FIQ. 4. The highest decomposition rate can be obtained when the mol % of Zn/(Zm-Al) is in the range of 10 
-30mol%. 

(Enrtx)diment4) 

40 

The present embodiment is a result obtained lyperforrningdecorT^x)sition of CF4. CHF3. and C2F6 at various reac- 
tion terrperatures. The condition of the exanunation was as same as the entedtment 1, except chcuiging the space 
vek>city to 1 .000 per hour, and the hatogen compound was diluted with nitrogen instead of air. The catalyst used was 
theca^lyst4-3tnthe ernbodiment 2. The results of the examination at various reacting tenrperature are indicated in 
45 Fia 5. The catalyst corrprisingAI and ^B has a high deconrposition rate wi^ 
a high activity with the fluorine corrpounds at a tew teriperature such as a^ 

(Entodiment 5) 

so The present entxxliment is a result obtained by examining the effect of steam in the deconrposition of C2F6. The 
condition of the examination was as same as the embocGmentl. except chan^'ng onlythespacevekxaty to 1.000 per 
hour. The catalyst used was tfie catalyst 4 in tfie enrtxxfiinentl.ard the reacting terrpera^ In the exam- 

ination, steam was supplied for 2 hours from the initiation of tfie reactioa and then, steam sipply was stopped. After 5 
hours elapsed, tfie steam sipply was resumed. The results of the examination are indicated in FIG. 6. It was revealed 

55 that the decorrposition rate was inaeased by adding steam, and the decorrposH^ 
ysis. 
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(Enixxfiment 6) 

The present embocfiment is a result otitained by examining the deco m po si t ion of SFg and C^Fq using the catalyst 
4 - 3 Gonprising Al and Mi. The concfition of the elimination of SFe gas was as same as the embodment 1, except 

5 using SFe of at l^st 99 % pure, changing the space velocity to 1.000 per hour, and cSuting the SFg with nitrogen 
instead of air. The condition of the eoonmationof CaFgwasassarneastheennbocfimwTt 1. Results of the examination 
is incficated in FIG. 7. The deconposition rate was obtained by determining the amount of SFq in the reacting gas at the 
inlet of the reactor, and the amoum of SFe in the deconrposed gas after passing through altefine scnibber with the 
TCD gaschromatography. and calculating the deconrposition rate by the follGwing equation (math. 2). The observed 

70 deconrpositk>n rate of SFg at the reacting tenperature 550 - 700 ^'C was at le^ 99%. In accordance with the decom- 
position te^ of CsFg. a high deconposition rate could be obtained at a reacting t higher than 700 **a 

Deconposition rate » 1 -(amountof SF gat the outlet^amount of supplied SFe) x 100(%) (math.2) 
75 (Embodment 7) 

The present embocfiment is a result obtained by examining the decomposition of NF3 using the catalyst 4 - 3 com- 
prising Al and The concmion of the exarnination was as same as the entx^ 

% pura The reacting temperature was 700 **C. The deoonposition rate was obtained tiy detenrdrang the amount of NF3 
20 in the reacting gas at the inlet of the reactor, and the amoum of NF3 in the decomposed^ after p 

alkaline scrubber with the TCD ga s c hr omatography. and calculating the deoonposition rate by the foUming equation 
(math. 3). The observed decomposition rate was at least 99 %w 

Decomposition rate = 1 - (amount of NF3 at the outlet/amount of supplied NF 3) x 100 (%) (math. 3) 

25 

(Embodment 8) 

The decomposition of CF4. C4F8, and CHF3 were examined using the catalyst comprising Al and Zn in an atomic 
ratio of AlrZn » 85:15 (mol %). 
30 The decomposition of CF4 was exarnined by the steps of diluting CF4 gas Of purity at 1^ 

ther adcfing steam, and contacting with the catalyst at a designated reacting temperature. The space velocity was 1 000 
per hour. 

The CF4 concentration in the reacting gas was approximately 0.5 %. The flow rate of the steam was controlled to 
be approximately 50 times of the CF4 gas. The decomposition of CHF3 and C4F8 were performed by the same as the 
35 abwe. 

Results of the examination are incficated In Ra 8. It was revealed that the catalyst comprising Aland Zn had a high 
activity with CHF3 and CF4 , and the catalyst indicated a high decomposition activity with C4F8 when the reacting tem- 
perature was inaeased to approximately 700 **C or h^her. 

In accordance with the present inverrtion. halogen conpourvis which contain only fluorine as the halogen such as 
40 CF4. C2F6, and the I ike can t>e treated for decomposirtg effectively. 

Claims 

1. A method of treatment for deconposing fluorine compounds, corrprising the step 0^ 

45 ing said fluorine compounds, which comprses fluorine as a halogen element, and any of the elemenls caitm, 
nitrogen, and sulphur as a conpound with said fluorine, with a fluorine compound-decomposition catalyst in the 
presence of steam at a temperature in the range of approximately 200 to 800 *t7 to hydrolyse the fluorine com- 
pound in said gas flow, wherein said gas flow contairvng said fluorine compounds is contacted with a catalyst com- 
pr^ng M to convert said fluorine compounds to hydrogen fluorida 

50 

2. The method of daim 1, wherein said gas ftaw containing fluorine compouncte contains at least one fluorine com- 
pound selected from CF4. CHF3. CgFe. CsFg. C4F8. and C5F8. and said fluorine conpound is decomposed to at 
least either one of CO and CO^, and HF 

55 3. Themethodof daim 1.¥VherOT said gas flow containing fluorine cornpoun^^ 

pound, and said SFg is decomposed to at least either one of SC^ and SQ3. and HR 

4. The method of daim 1 , wherein said gas flow containing fluorine compounds contains NF3 as said fluorine com- 
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pouncl and sakl NFs is decorrposed to al least eWier one of r« and NC^^ 

5. The method any preceding daim. wherein sakJgasflwifoont^^ 
ratalyst is neutralised by scnAbing wift an aqueous aDafi sdutk^ 

6. AcatalysttordeoonposingfluorineoompoundsconlaininganA/Qxk^ 
pounds containing only fluorine as the halogen. 

7. The method of any of daimsl to 5 or tfie catalyst Of daim 6. wherein said catalyst contains A/. ^ 
elementsZn,hn,ri.F=e.Sn,CftZr.CftSi. and Pt the atomic ratio of A«:M(wherftMis any o^^ Ni.Ti.l^ 
Sn.CoiZr.Ce and Si) being preferably 50 to 99 mol% tor A< and 50 to 1 mol%fbrHfl. 

a The method or catalyst of daim 7. wherein said catalyst further contains S.preferaW^ 
byweigliL 

9 The method or catalyst of daim 7 or a wherein respective of components conprising said cataly^ 
any fonn of an oxide of the componert alone, and a complex oxide of A< with other components. 

10. The method or catalyst of any of daims 7 to 9, wherein said catalyst contains A/ and 0.1 to 2 % by weight of 

11. A treating apparatus for decomposing fluorine compounds comprising 

a reacta fined with catalyst for decomposing fluorine compounds. 

a gas adder to generate a gas flow containing a compound, whidi is composed of fluorine and anyone olrar- 
bwTsulphur. and nitrogen, by adding any of nitrogen, oxygen, and air to said fluorin 

introduced into said reactor, j. 
a healer for heating at least any one of said catalyst fflled in said reactw 

reactor to a temperature in the range of approximately 200 to 800 *>C, and 

a steam adder tor adding steam for hydrolysing said fluorine compounds to 

wherein said reactor is fiDed with a catalyst comprising Ai. 

12. Theapparatusofdaimll.whereinanochausloasscrubberfor 

tor with an aqueous alkali solution is provided at a rear stage of said reactor. 
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